Abstract Background/Aims: Cysteine-rich intestinal protein 1 (CRIP1), a member of the LIM/double zinc finger protein family, is abnormally expressed in several tumour types. However, few data are available on the role of CRIP1 in cancer. In the present study, we aimed to investigate the expression profile and functions of CRIP1 in colorectal cancer. Methods: To examine the protein expression level of CRIP1, immunohistochemistry (IHC) was performed on 56 pairs of colon cancer tissue samples. Western blotting was performed to investigate CRIP1 protein expression in four colon cancer cell lines. The endogenous expression of CRIP1 was suppressed using short interfering RNAs (siRNAs). Cell proliferation assays were used to determine whether CRIP1 silencing affected cell proliferation. Flow cytometry analysis was used to detect cell apoptosis. The effects of silencing CRIP1 on cell migration and invasion was detected using the transwell and wound-healing assays. Results: IHC analysis showed that protein level of CRIP1 was significantly higher in tumour tissue samples than in paired nontumour tissue samples and that the CRIP1 level was higher in metastatic tissue samples than in non-metastatic tissue samples. In addition, protein levels of CRIP1 were higher in highly metastatic colon cancer cell lines than in colon cancer cell lines with low metastasis. Further, CRIP1 silencing had no effect on cell proliferation or apoptosis in SW620 and HT29 cells. CRIP1 silencing suppressed cell migration and invasion obviously in SW620 and HT29 cells.
Introduction
Colorectal cancer (CRC), also known as bowel cancer and colon cancer, represents the development of tumours in the colon or rectum. CRC is the second most commonly diagnosed cancer in females and the third in males, with an estimated 693, 900 deaths and 1.4 million cases occurring in 2012 [1] . CRC is the fourth most common cause of cancer death after lung, stomach, and liver cancer, greatly threatening human life and health. Although the morbidity and mortality rates have declined in some western countries, they have remained high in China and other developing countries [2] [3] [4] . The main reason that rates have remained elevated in some countries is the invasion and metastasis of the tumour, leading to recurrence, which ultimately results in death [5] . Invasion and metastasis are complex processes, with multistage, multi-gene involvement and multi-factor accumulation; therefore, the study of the molecular mechanisms underlying the invasion and metastasis of CRC might help to improve the treatment and prognosis of patients with CRC.
Cysteine-rich intestinal protein 1 (CRIP1) belongs to the LIM/double zinc finger protein family. CRIP1 is abnormally expressed in several tumour types, including osteosarcoma, breast, cervical, and prostate cancers [5] [6] [7] [8] [9] [10] . In breast cancer tissue, CRIP1 expression is significantly associated with a worse prognosis and has been identified as an ideal biomarker for the staging of breast cancer [8] . However, in osteosarcoma and gastric cancer, CRIP1 expression is associated with better long-term survival and the absence of metastases, indicating a favourable prognostic effect [6, 11] . The function of CRIP1 has been studied in vitro, using breast cancer cells. CRIP1 knockdown increased cell proliferation and cell invasion in the T47D and BT474 breast cancer cell lines [8] . In addition, downregulation of CRIP1 mRNA has been demonstrated in invasive pancreatic carcinoma using cDNA microarray analysis [12] . To date, study of CRIP1 is limited, and comprehensive data are not available. More studies are needed to determine whether CRIP1 can be used as a biomarker for malignant tumours, especially for the invasion and metastasis of cancer.
CRIP1 was found to be overexpressed in the highly metastatic colon cancer cell line E1, compared to the parental HCT-116 epithelial-like colon cells [13] . E1 cells display features characteristic of the epithelial-mesenchymal transition, and possess increased motility and invasiveness compared to parental HCT-116 cells. We hypothesised that CRIP1 might play a role in regulating the invasion and metastasis of CRC; therefore, in the present study we aimed to investigate the expression profile and functions of CRIP1 in CRC. The results revealed that abnormal expression of CRIP1 might be related to the degree of CRC metastasis and that CRIP1 silencing could effectively inhibit migration and invasion during CRC development. These findings might aid the development of a biomarker for colon cancer prognosis and metastasis, and thus help treat this common type of cancer.
Materials and Methods

Patients and tissue samples
Colon cancer tissue samples were obtained from 56 patients who underwent surgical resection in the Department of Pathology, Xinxiang Medical University. None of the patients had received chemotherapy and/or other therapies before the surgical procedure. Table 1 presents the clinicopathological data for the 56 patients. All patients were staged according to the American Joint Committee on Cancer (AJCC) tumour, necrosis, metastasis (TNM) staging system for colon cancer (Seventh Edition). The study protocol was approved by the Ethics Committee of Xinxiang Medical University. All 56 patients provided written informed consent for their tissues to be used in this study.
Immunohistochemistry (IHC)
Paraffin-embedded specimens were cut into 4-μm sections and heated at 60 °C for 60 min. The sections were deparaffinised with xylene and rehydrated. The sections were then submerged in Ethylenediaminetetraacetic acid (EDTA) antigenic retrieval buffer in a pressure cooker for 5 min and then cooled at 37 °C for 30 min. The sections were treated with 3% hydrogen peroxide in methanol to quench endogenous peroxidase activity. After incubation with goat serum, the sections were incubated with anti-CRIP1 rabbit polyclonal antibodies (1:100; ab211631; Cambridge, MA, USA) overnight at 4 °C. After three rounds of washing with phosphate-buffered saline (PBS), the tissue sections were incubated with biotinylated secondary antibody (Maixin Biotechnology Company, Fuzhou, China) for 1 h at room temperature, followed by incubation with streptavidin-horseradish peroxidase for 5 min. After three rounds of washing with PBS, diaminobenzidine (DAB) was added for visualisation. The sections were counterstained with haematoxylin.
CRIP1 protein levels were evaluated using the immunoreactive-score (IRS) system (combining the positive cell ratio and staining intensity). An IRS score of ≥ 6 was used to define tumours as having a high level of CRIP1, and an IRS score of < 6 was used to indicate a low level of CRIP1 [14] .
Cell culture and siRNA interference
The human colon cancer cell lines SW620, HT29, HCT116, and HCT8 were purchased from the ATCC (America Type Culture Collection, Manassas, VA, USA). All cells were grown in Roswell Park Memorial Institute (RPMI)-1640 medium with 10% foetal bovine serum (FBS) (GIBCO/BRL, MD, USA), supplemented with 100 U/mL penicillin G and 100 μg/mL streptomycin (Sigma-Aldrich Corp., St. Louis, MO, USA). Cells were maintained at 37 °C in a humidified 5% CO 2 incubator.
The siRNA oligonucleotides (CRIP1-134: 5'-GCAACAAGGAGGUGUACUUTT-3'; CRIP1-206:5'-GCGAGAAAUGUGGGAAGACTT-3'; CRIP1-326: 5'-CCGAGAGCCACACUUUCAATT-3') targeting the CRIP1 gene were obtained from GenePharma (Shanghai, China). SW620 and HT29 cells were transfected with CRIP1 siRNA at 100 nM using Lipofectamine 2000 (Promega, Madison, WI, USA). Transfection was conducted for 48 h. The rate of inhibition of CRIP1 expression was verified using quantitative real-time reverse transcription PCR (qRT-PCR).
Quantitative real-time reverse transcription PCR Total RNA was extracted using the TRIzol Reagent (Promega) according to the manufacturer's protocol. One microgram of total RNA was reverse-transcribed into cDNA, using RevertAid Premium Reverse Transcriptase (MBI Fermentas). qRT-PCR was performed using THUNDERBIRD SYBR qPCR Mix (TOYOBO). The primer sequences targeting CRIP1 were as follows: 5'-CCTGCCTGAAGTGCGAGAAAT-3' and 5'-CCTTTAGGCCCAAACATGGC-3'. Gene expression was normalised using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the internal control. PCR primer sequences targeting GAPDH were as follows: 5'-TGCACCACCAACTGCTTAGC-3' and 5'-GGCATGGACTGTGGTCATGAG-3'. Amplification was performed using the following PCR profile: preheating at 95 °C for 5 min, followed by 42 cycles of 95 °C for 30 s, 58 °C for 30 s, and 72 °C for 20 s. Gene expression was measured in triplicate, and quantified by the 2 −ΔΔCt method.
Cell proliferation assay
Cell proliferation was monitored using the CellTiter 96 ® AQueous One Solution Cell Proliferation Assay (Promega) following the manufacturer's protocol. At 24 h after transfection with the CRIP1-134 siRNA or AQueous One Solution Reagent to each well, the plate was incubated for 4 h at 37 °C. At each time point of incubation, absorbance was measured at 490 nm using a Vmax microplate spectrophotometer (Molecular Devices, Sunnyvale, CA, USA). Each sample was assayed three times.
Flow cytometric analysis SW620 and HT29 cells were harvested 48 h after CRIP1-134 siRNA or NC transfection. Cells were labelled with AnnexinV for 15 min in the dark. Propidium iodide (PI) was added to each sample at 50 μg/ mL before the distribution of cell apoptosis was analysed. Cell apoptosis features were analysed using a BD FACSCalibur Flow Cytometer System (BD LSRII, San Jose, CA, USA). Flow cytometric analysis was performed in triplicate.
Western blotting
Total proteins were extracted from each group of cells using RIPA Lysis Buffer (Beyotime Biotechnology, Shanghai, China), following the manufacturer's protocol. Proteins (30 µg) were separated by 15% SDS polyacrylamide gel electrophoresis and transferred onto polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA, USA). Membranes were blocked for 1 h at 37 °C with 5% non-fat milk and subsequently incubated with anti-CRIP1 rabbit polyclonal antibodies (1:1000; ab211631; Cambridge, MA, USA) and GAPDH (1:4000 dilution, Santa Cruz Biotechnology, Santa Cruz, CA, USA) in 5% non-fat milk for 1 h at 37 °C. After washing with Tris-buffered saline (TBS) containing 0.5% Tween 20 (TBST), membranes were incubated with horseradish peroxidase (HRP)-conjugated secondary antibody at 37 °C for 40 min. After further washing with TBST, membranes were assayed via enhanced chemiluminescence (ECL) and recorded on X-ray films.
Transwell assay SW620 and HT29 cells were transfected with CRIP1-134 siRNA or NC, and subsequently cultivated for 24 h. For cell migration, each group of transfected SW620 and HT29 cells was harvested, and 1 × 10 4 cells in 100 µL of non-serum medium was placed in the upper chamber of an insert (pore size, 8 µm) (Becton Dickinson Labware). The lower chamber was filled with 600 µL RPMI-1640 medium with 20% FBS. For cell invasion, 1 × 10 4 cells in 100 µL of non-serum medium was placed in the upper chamber, which was precoated with Matrigel (BD Biosciences). The lower chamber was filled with 600 µL RPMI-1640 medium with 20% FBS. After 24 h of incubation, cells were removed from the upper chamber of the filter, using a cotton swab. Cells on the underside were washed with PBS and fixed with 5% glutaraldehyde, stained with 0.5% crystal violet, and counted in five randomly selected fields under a phase contrast microscope. Assays were performed in triplicate.
Wound-healing assay
An artificial wound was created 24 h after transfection with CRIP1-134 siRNA or NC using a 10-μL micropipette tip. The SW620 and HT29 cells were then cultured with 2% FBS for 24 h. To visualize the migrated cells and wound healing, images were taken at 0 and 24 h. Assays were performed in triplicate.
Statistical analysis
All results are presented as the mean ± standard deviation, and were analysed using SPSS software, version 19.0 (IBM SPSS, Armonk, NY, USA). One-way analysis of variance was used to determine statistical significance. P < 0.05 was considered to indicate a statistically significant difference.
Results
Protein level of CRIP1 in colon cancer tissue samples and cell lines
To examine the protein level of CRIP1, IHC was performed on 56 pairs of colon cancer tissue samples (tumour and adjacent non-tumour tissue samples). A significant increase in the CRIP1 protein level was identified in tumour tissue samples compared with paired non- (Fig. 1A) . In addition, we analysed the correlation between the level of CRIP1 and various clinicopathological parameters, and the results are summarised in Table  1 . CRIP1 expression was not associated with age, gender or tumour diameter, but increased CRIP1 was significantly associated with TNM stage, and lymphatic metastasis (Table 1 , P < 0.05 for each). These results indicated that an increase in CRIP1 might be associated with colon cancer aggressiveness, especially tumour invasion ability. To further verify the protein level of CRIP1 in colon cancer, the protein level of CRIP1 was examined in two highly metastatic colon cancer cell lines (SW620 and HT29) and two colon cancer cell lines with low metastasis (HCT116 and HCT8) using western blotting. The protein level of CRIP1 was higher in the highly metastatic colon cancer cell lines than in the low-metastasis colon cancer cell lines (Fig. 1B) . The CRIP1 expression level was highest in the highly metastatic colon cancer cell lines SW620 and HT29. Based on these results, we chose SW620 and HT29 as the cell lines for subsequent experiments.
The effect of CRIP1 silencing on cell proliferation and apoptosis in SW620 and HT29 cells
To attenuate CRIP1 expression, CRIP1 siRNAs were synthesised and transiently transfected into SW620 and HT29 cells, and the cells were cultured for 48 h. CRIP1 mRNA expression was successfully downregulated in SW620 and HT29 cells transfected with the CRIP1 siRNAs (si-134, si-206, and si-326) compared with those transfected with the NC siRNA ( Fig. 2A and 2B) . Moreover, the CRIP1 protein level was successfully downregulated in SW620 and HT29 cells transfected with CRIP1 siRNA (si-134, si-206, and si-326) compared with those transfected with the NC siRNA ( Fig. 2C and 2D) . Among all the CRIP1 siRNAs, si-134 showed the best silencing effect, and therefore si-134, hereafter referred to as CRIP1 siRNA, was chosen for subsequent assays. 
To determine whether CRIP1 silencing affects cell proliferation, a cell proliferation assay was performed in triplicate. The OD 490nm of SW620 and HT29 cells transfected with the CRIP1 siRNA showed no obvious difference from the OD 490nm of SW620 and HT29 cells transfected with the NC siRNA at 24, 48, and 72 h (Fig. 3A and 3B ). These results indicated that CRIP1 silencing does not affect the proliferation of SW620 and HT29 cells.
Next, we investigated the effects of CRIP1 silencing on cell apoptosis using flow cytometry. Cell apoptosis analysis showed that CRIP1 silencing did not significantly affect the percentage of apoptotic SW620 and HT29 cells (Fig. 3C and 3D ).
The effect of CRIP1 silencing on cell migration in SW620 and HT29 cells
To demonstrate the role of CRIP1 in regulating colon cancer cell migration, transwell and wound-healing assays were performed in triplicate after transfection with the CRIP1 siRNA or NC siRNA. In the transwell assay, the number of cells that passed through the membrane into the lower chamber was significantly lower in the CRIP1 siRNA-transfected SW620 and HT29 cells than in the NC siRNA-transfected SW620 and HT29 cells (Fig. 4A and 4B ). In the wound-healing assay, the percentage of wound closure was significantly lower in the CRIP1 siRNA-transfected SW620 and HT29 cells than in the NC siRNA-transfected SW620 and HT29 cells (Fig. 4C and 4D ).
The effect of CRIP1 silencing on cell invasion in SW620 and HT29 cells
To demonstrate the role of CRIP1 in regulating colon cancer cell invasion, transwell assays were performed in triplicate after transfection with the CRIP1 siRNA or NC siRNA. The results showed that the number of cells that passed through the Matrigel-coated membrane into the lower chamber was significantly lower in the CRIP1 siRNA-transfected SW620 and HT29 cells than in the NC siRNA-transfected SW620 and HT29 cells ( Fig. 5A and 5B).
Discussion
The development of CRC is a progressive process comprising genetic changes in tumoursuppressor genes and oncogenes [15, 16] . Many genetic alterations have been reported to be associated with the development of CRC. Although abnormal CRIP1 expression has been observed in several cancer types, its role in cellular processes, particularly in CRC, remains unclear. In the present study, we found that CRIP1 is overexpressed in metastatic CRC tissues and in two highly metastatic colon cancer cell lines, SW620 and HT29. These results are consistent with a report that CRIP1 is overexpressed in the highly metastatic colon cancer cell line E1 compared with parental HCT-116 cells [13] . In addition, we found that CRIP1 expression was not associated with age, gender or tumour diameter, whereas increased CRIP1 was significantly associated withTNM stage, and lymphatic metastasis. Furthermore, CRIP1 mRNA was abnormally expressed in invasive pancreatic carcinoma and brain and bone-specific breast cancer metastases [12, 17] . Taken together, these results indicated that CRIP1 expression might be related to the degree of metastasis and is associated with the development of CRC.
To further demonstrate the role of CRIP1 in regulating CRC cell migration and invasion, transwell and wound-healing assays were carried out, which showed that CRIP1 silencing inhibited cell migration and invasion in SW620 and HT29 cells. These results indicated that CRIP1 plays an oncogenic role in CRC progression. However, our results are not consistent with those of a breast cancer study. In T47D and BT474 breast cancer cells, CRIP1 silencing enhanced the invasion of breast cancer cells, indicating that CRIP1 might also act as a tumoursuppressor gene [8] . These results indicated that CRIP1 plays different roles in different cancer types. The function of CRIP1 in regulating cell migration and invasion has only been Consistent with the functions of other LIM proteins, CRIP appears to be involved in the specific stages of cell proliferation that occur during development and/or after tissue injury and inflammation [18] . For example, CRP1 suppresses cell proliferation and protects against stress-induced cell death in WS1 human skin fibroblasts [19] . In addition, reduced CRIP1 levels might increase cell proliferation and activate cell growth in T47D and BT474 breast cancer cells [8] . However, these observations are not in agreement with our in vitro analyses. After transfection with the CRIP1 siRNA, the OD 490 nm showed no obvious change compared to that of cells transfected with NC siRNA, suggesting that low CRIP1 protein levels had no effect on the growth of SW620 and HT29 cells.
Our study has some limitations. First, the function of CRIP1 was studied in only two CRC cell lines, and CRIP1 function should be demonstrated in more CRC cell lines. Second, in vivo studies are needed to confirm the function of CRIP1 in CRC. Finally, the expression of CRIP1 was determined using only 56 CRC tissue samples; thus, more CRC tissue samples are required to confirm the expression patterns and the relationship of CRIP1 levels with prognosis.
In summary, the present study provides evidence that abnormal expression of CRIP1 might be related to the degree of CRC metastasis, and that CRIP1 silencing could effectively inhibit migration and invasion during CRC development. Although further studies are needed to reveal the precise mechanism of CRIP1's involvement in CRC progression, our data reveal a novel molecular basis for the understanding and clinical treatment of CRC.
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